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Disclaimer

NIST Disclaimer: Certain commercial equipment,
instruments and materials are identified in order to
specify experimental procedures as completely as
possible. In no case does such identification imply a
recommendation or it imply that any of the materials,
instruments or equipment identified are necessarily the
best available for the purpose.

Information presented does not necessarily represent the official position of the National
Institute of Standards and Technology or the U.S. Department of Justice.

Our group receives or has received funding from the FBI Laboratory and the
National Institute of Justice.
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NIST Forensic SRM Timeline

Current Characterization

of Forensic SRMs

« 2391c PCR Based DNA profiling standard
+ 68 STR markers (51 autosomal + 17 Y chromosome)

- STR repeat lengths (alleles) were certified using multiple (unique) PCR
primer sets

- Sanger sequencing was only performed for loci without multiple PCR
primer sets (only 10%)

« 2392 & 2392-1 Mitochondrial DNA sequencing standard
- Entire mtGenome (=16,569 bp) was certified by Sanger sequencing
« 2372 Human DNA Quantitation Standard

« UV absorbance (decadic attenuance) measurement

SRM 2390 DNA profiling
SRMZ2391 .

2391 series

SRM 2391a OR- DNA profiling
S

USRM 2391¢

SRM 2395 Y CHR profiling

SRM 2372 Human DNA guantitation

SRM 2392 Mjiochondiial.sequencing
P SRM 2392:1) Wi ochondrial sequencing

Goal: Characterize Existing Forensic SRMs

with New and Emerging Technologies

- SRM 2391c: Certify sequence information for STR loci

+ Understand bias inherent to specific NGS
: chemistry and bioi i

. Sanger and NGS methods L Supports adoption of NGS in forensic community

« SRMs 2392 and 2392-1: confirm Sanger data with high

coverage NGS methods

- Detect lower level heteroplasmies (<20 %)

« SRM 2372: certify concentration with an absolute PCR-

based method

- Digital PCR provides this capability

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf
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Outline

Certified, Reference & Information Values

Certified Value
« NIST has highest confidence in accuracy
< All known/suspected sources of bias investigated/taken into account
Two or more methods e.g. Sanger sequencing AND
genotyping with multiple primer sets

- NIST forensic SRMs

Reference Value - Digital PCR

« Best estimate of true value

« All possible sources of bias NOT fully investigated by NIST
Genotyping with only two sets of primers

Information Value

« Ofinterest and use to SRM user

« Insufficient information available to assess uncertainty of value =
Genotyping with only one set of primers a2

- Next-generation sequencing

SRM 2372 DNA Quantitation Standard Digital PCR (dPCR) Overview

- A sample is partitioned so that individual nucleic acid

- Used for calibrating DNA quantitation standards targets within the sample are localized

- (gPCR ktis) « Microfluidic (Fluidigm BioMark)

. Current stock: 31 month supply - Emulsion/droplet PCR (Bio-Rad QX100, RainDance)

- Each partition will contain a negative or positive PCR
reaction

+ Inthe process of preparing SRM 23728 = o & - Nucleic acid targets may be quantified by counting the
regions that contain PCR end-product

. . - A standard curve is not required
- Characterize with dPCR versus UV absorbance i

« Sykes, PJ etal. AA (1992) "Quantitation of targets for PCR by use of imiting dilution". Biotechniques 13 (3): 444449

;- Kalinina, 0 et o, (1997) Neltolter scal PGR with TaaMan detecor, Nuclele Ackds Research 25 (10):1999-2004

+ Vogelstein and Kinzler (1999) "Digital PCR". Proc Natl Acad Sci U'S A. 96 (16): 9236-924

« Pohl and Shih (2004) "Principle and applications of digital PCR". Expert Rev Mol Diagn 4 (1)

« Dressman et al. (2003). "Transforming single DNA molecules into fluorescent magnetic pamcles e genetic
variations”. Proc Nail Acad Sci USA 100 (15): 8817-8822

Fluorescent signal as a function of
amplification cycle in 765 dPCR reactions

Pareh - Ampliicalin

Fluidigm BioMark

Fluidic module transfers PCR mastermix onto chip
‘Reader’ performs thermal cycling and fluorescence
detection (real-time PCR)

Fluidigm Digital Arrays 80
12.765 =765 chambers x 12 panels (samples)
48.770 =770 chambers x 48 panels (samples) £

e — T 04

. Majority of the wells amplify within a
765 real-time PCR curves narrow range of Cy values

Later amplification may be due to:
Damaged target
Partially blocked target
Secondary binding sites

Optimized assay
and template
dilution

Grey lines are no amplification

' " F) E) “ F)
cyme
« Well volumes
6 nL (12 sample)
Number of wells with signal total number
wiBuL (48 samples) relates to the number of copies total number of wells
f starting DNA —_—————
+ TaqMan compatible chemistry e r— ofwells - "™ | “total number
Concentration of negative wells
FAM-VIC dye detection (copies per  _
microliter) volume of all

PCR reactions (microliters) /

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf 2
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BloRad QX100
PCR master mix and DNA template are partitioned into droplets

+ 8 strip tubes - up to 96 samples/run

+ Thermal cycling is performed on a standard cycler (9700, Veriti)

+ Fluorescence from up to 20,000 droplets are detected in the
reader (3.5 h)

« Fluorescence intensity for positive and negative droplets are

plotted

11 e A8 Mg 1013788

Validating annealing
temperatures for a
digital PCR assay

(HBB1)

-neg

=

° 200000 400000 00000 800000 1000000

Quantitation of a Control DNA Sample
Using 4 Unique dPCR Assays

9/9/2014

BioRad QX100

Effect of annealing temperature on copy number estimate

4aPCR Concsnlraton

-l 51.9%=—5]1.3% 51.4% 514* 522%

Copies per pL

Cht Concicopies/pL)

N=4 per sample

Validating a gPCR assay for dPCR

25000

o Avg = 15,800 * 900 copies/uL
2 =47.3 + 2.8 ng/uL
=== 20000
[}
s t
E 4
6 15000 ? L3
o
a 10000 . N . .
Q We are testing and validating multiple
8— dPCR assays for efficiency
O 500 A combination will be used to assign to
a concentration for 2372a
0

D6S474 D9S2157 D1451434 Quantifiler

dPCR assay

P~ Assay Optimization

BioRad QX100
Effect of annealing temperature on copy number estimate

= 90.2* .

- 80.8 = Copies per pL
S
£ 54.9+
5.
® S24% —o5.7;

= 57°C 50°C 61°C 63°C 65°C

-

s anace s omac s s s ac 2 e acre

N=6 per sample Sempte

qPCR assay for

«  target ACTB
Linear
O R?=0.99
o
cdPCR
.| 61°C Annealing . | 62 Annealing

 65°C Annealing

Poor separation between
negatives/positives

Design and validate multiple dPCR assays
for certification of SRM 2372a

Convert copies/pL and calculate the DNA concentration as ng/pL:
_
D6S474 56.3
D9S2157 9 55.2 0.7
HBB1 11 51.7 15
D5S2500 5 51.7 0.9
D14S1434 14 52.1 0.4
2PR4 2 50.6 0.9
22C3 22 50.0 12
EIF5 2 49.0 0.3
D1P32.3 1 39.7 0.8
Average of all 52.1 2.5
(except D1P32.3)

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf
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Comparing ddPCR-cdPCR results Outline

ddPCR | cdPCR

Comparing ddPCR - cdPCR Results Assay | Avg [sd | Avg]sd
65 2PR4 | 50.6| 0.9] 55.7[ 4.4
HBB1 51.7| 1.5| 53.6| 2.4]
D5S2500 | 51.7| 0.9 54.8| 2.5
60 soeccddavg | p14s1434| 52.1f 04 517 2|

------- od avg D9S2157 | 55.2| 0.7 53.6( 2.3
55 {i
50 + %

+ ©  od Hbbl D6S474 56.3] 1.2 52.4( 2.6
2PR4 HBB1 D5 D14 D9 23

- NIST forensic SRMs

HBB1 504| 2.5 - Digital PCR

[DNA] ng/uL

Assay - Next-generation sequencing

Platforms Multiple NGS Platforms

. lllumina - Use of multiple platforms to obtain a consensus
. MiSeq/FGx sequence for the SRMs
- HiSeq 2000/2500 ) " .
. GIA;.?)? - Identify and reduce false positives and negatives
" NextSeq 500 - Identify and control for bias in a specific chemistry and/or
- HiSeq X Ten

informatics pipeline

- Life Technologies
« SOLID (5500 series)
- lon Torrent PGM
« lon Torrent Proton
- Pacific Biosciences

PGM

“ consensus

Hiseq I~ Miseq High confldence_
- PACBIORS I sequence information
- 454 Roche
Oxford Nanopore )
- GSjr Qiagen SOLID
- GS FLX+ Others on the horizon 0

Characterization of SRM 2392 and 2392-| NGS Support for mtDNA Analysis

Mitochondrial genome sequencing standard

soLn
500

- PGM & MiSeq analysis
- Sequence the entire mitochondrial genome 1>eq yst

« Two, three and twelve amplicon strategies - 5% SNP caIIing threshold
- PGM, MiSeq, HiSeq, and SOLID platforms - Concordance across platforms
- Check concordance with Sanger results + Two heteroplasmies in two
) components, not in previous i kit
- Detection of heteroplasmy (< 20%) certificates TEITEITETONTW

+ Issues with homopolymers

- Planned FSIG short communication gt N “wabariatmtien
L 20 S B B I B S 2N SR B G I
« Chemistry and informatics related . Certificate update Late 2014

Site 1,393 (G/A)

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf 4
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NGS Support for mtDNA Analysis
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NGS Support for mtDNA Analysis

20.0% PoM
Hiseq ﬂ'p MiSeq
15.0% soLiD
5500
s
g
H
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3
=
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20.0% 8071 50000
HiSeq 4"» MSeq
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AmpliSeq Identity Panel

lon Torrent PGM

90 autosomal SNPs
« Pakstis 2010

SN for o universal individual identification panel

+ Kidd 2012 R
+ SNPforlD R
30 Y-SNPs =

« Upper clade branches

Expanding data anel of SHPsin
i B K, Wil €. Spod, i e, Mansn R Fetad.

5

e

Kidd 45

o Rey . Beate Stradesais Beaghusca
Caroceda’, Nl Mg, Rihard Schhrc
M. Schucide’. Dot Syndescoube Coun®

Degraded DNA / Sensitivity Study

Assal PGM MiniFiler | Iden er | GlobalFiler | DIPplex
IISNPs Plu

DEGRADED DNA SAMPLES

50-250 X X X X
50-200 X X X X
50-150 X X X X
50-100 X X X X
50-75 X X X X
SENSITIVITY SAMPLES
0.5ng X X X X
0.1 ng X X X
0.05 ng X X X

SNP Markers

HID-lon AmpliSeq™ Identity Panel

2391c component B

Y Haplogroup

' . = - Autosomal | Y
. I Random Match Probability |
I I I 85 Autosomal SNPs: 2.10E-39 | M429, M523 = I-J

13 CODIS STR Loci: 9.69E-18 Yfiler = J1 (99.9%)

Ty

i Flag bt Beoattabboabotbatabon bbb dniel IR
. i i il i

SNP RMP Calculations: frog.med.yale.edu
STR RMP Calculations: Omnipop 150.5
YSTR haplogroup predictor: www.hprg.com

HID SNP Genotyper v4.0, Coverage Chart
Avg coverage 1500X (autosomal)

Degraded DNA Study

Sheared DNA was fractionated by size range

g Blue Pippin Marker
20 (65 bp)

50 bp to 100 bp 150

Size selected sheared DNA
50 bp to 200 bp

50 bp to 150 bp

|

|

50 bp to 75 bp 100 Bioanalyzer | ||
Standard | |
35 bp to 50 bp /

50 |
1ng DNA Input |/

AmpliSeq Library Prep
w0 w0 0w a0

PGM Sequencing

HID SNP Genotyper Analysis

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf
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Degraded DNA Study

Identity SNP Panel (amplicon size range 80-220 bp)

Fragmented, size selacted < 75 bp
90 Autosomal | SNPs, sorted from smallest to largest

Illi fi.ux sl i e

i
.
T —

|||||l|||||||||||||||||||||||||I|l|||||l|| i i..llnlil |

Il scaled to 2000X ¢

PGM 318 Ch

9/9/2014

Degraded DNA Study
Minifiler STR Kit

Fragmented, size selectod < 250 bp

Degraded DNA Study Degraded DNA Study
DIPplex Indel Kit

il
* )
i/
B
[

Degraded DNA Study

Random Match Probability

<15 | <100 | <150 | <200 | <250 | Fragmented

@ PGM HID SNP Panel ) GlobalFiler
@ DIPplex Indel Assay A MiniFiler

1.006+36

1.006+33
2 100E430 i 4 { °
2 1.00€+27 t t 1 ‘
'g 1.006424 1 ! 1
a

1.00€
g 10 8 o
& ™ 100+
=
£ 100641 t { ! |
2 100612 + t t . t . | a
c
5 1m0 1 | i.i [ &

1.006406 1 ' | DS |

1.00E+ t %

1.006400 e - t t t t

<75 <100 <150 <200 <250 Fragmented
@ PGM HID SNP Panel ) GlobalFiler
@ DIPplex Indel Assay A MiniFiler

HID SNP Panel Sensitivity Study

90 Autosomal SNP loci, sorted from hlghest to lowest coverage
.05 ng Input

All scaled to 8000X coverage

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf
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HID-lon Ampliseq Ancestry Panel
lon Torrent PGM

HID SNP Panel Sensitivity Study

S \ °
Single nucteatide potymorphism wping with massivey 4 S@Mples: 10 ng, 1 ng, 100 pg @
2 parallel sequencing for human identification |
3 . ] 123 Michoe SetdinSHPs
% n e e ) 10ng & 1ng | et Human Mutation
S e e All loci all present | " Ancostry Informatvs Matker Sets fo Dotamining HGVS
G < . T ewiewiny Continental Origin and Admixture Proportions
B e © 1 sample at 1 locus imbalanced - in Comman Populations in America
£ ieas L !
S A 55 Kenneth Kidd SNPs
é 1E2 100 pg

1E0 B 99% present

e 0 97% balanced
1E403
A |
1E400
50 pg 100 pg \ 500 pg : :
® PGM HID SNP Panel < GlobalFiler e
A Identifiler Plus Il DIPplex

Ancestry SNP NGS Assay SNPs and Mixtures

= 3 1 [ 3n a3 ]1B] A B
Sample = S277 (GWU) A o | o | 1004  o%
West African Self-ID AA 0 | 1 |87 125%
e 0 2 75%  25%
(Cote d’lvoire) 3 | 0 |625% 37.5%
= 3 1 50% 50%
- 3 2 | 37.5% 62.5%
6 0 25%  75%
6 1 | 12.5% 87.5%
6 2 0%_100%

3 } ol i Two-person mixtures .

have 9 possible
genotype combinations:

- RMP of profile in 3 genotypes (Person 1)
P 70 world populations i
lf\"_n; - . 3 genotypes (Person 2)

2§y ¥ EEEIRER

SNPs in 3:1 Mixtures SNPs in 3:1 Mixtures

«1— Single source sample ) «1— Single source sample .
major allele frequency and 3:1 mixed sample, A
plotted for | *17 major allele frequency R |
90 HID SNPs | plotted for9OHID SNPs | et
(in ascending order) (in ascending order)

8

VngncX
|
vana_nﬂ»reﬁncy

Two-person mixture Two-person mixture
in3:lratoshoud | T [ .. in 3:1 ratio should
have frequencies at: ettt have frequencies at:
50%, 62.5%, 75%, 50%, 62.5%, 75%,

l ..... * 87.5% and 100% = N l ..... - 87.5% and 100%

8

8

8

[]

90 Autosomal SNPs 90 Autosomal SNPs

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf 7
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SNPs in 3:1 Mixtures Sequencing STRs on

. T - Beta version of PowerSeq Auto System
»1— Single source sample and .
three 3:1 mixed samples, “ - Promega — 24plex STR kit (Doug Storts)
w0 major allele frequency .nm“‘ | )
- plotted for 90 HID SNPs gt - NIST - Promega - Battelle collaboration
) ) -
s, || (in ascending order) - Designed for use on NGS platforms
O .
L, vt - Primers redesigned for NGS read lengths
=
%m - Protocol developed for llumina MiSeq
> .
Two-person mixture
© | S 2 in 3:1 ratio should - Ran SRM 2391c + 188 NIST pop samples
apprett? have f ies at: L .
° ann 2;‘;, *2‘2‘“;2”5;2 - Data analysis with STRait Razor
- i e l _,_,..-".' 87.5% and 100% - Further parsing of data with custom Java tools
“‘“'"""". eanenenettent? e — STRait Razor: A length-based forensic STR aliele calling tool for use

with seceed generation sequencing data

90 Autosomal SNPs

SRM 2391c Component E

SRM 2391c Component E

33y YNNI 885884939383 323 . D2S441
SINed3¥ 5833 IdxdRY Yaweh
- - Length-based (CE) homozygote 10,10

Genotypes concordant with
iom Sanger and CE typing - Sanger and NGS Sequence data
‘3 - (STRait Razor data parsed with Java tools)
TCTATCTA TCTA TCTA TCTA TCTA TCTA TCTA TCTA TCTA

TCTATCTA TCTA TCTA TCTA TCTA TCTA TCTA TCTG TCTA

- Length-based homozygote, but sequence-based

SRM 2391¢ Component E Further Parsing STRait Razor

Output with Java

“Shaved” Sequences

. D13S317 . g$rsglts;§g;nce output from
- Length-based (CE) heterozygote 8,12 . Goals
- Sanger heterozygote 8,'13’ - Master genotype table
+ NGS Sequence data heterozygote 8,12 - Tables of: coverage, PHR, stutter,
strand bias, etc
- (STRait Razor data parsed with Java tools) Flanking/recognition sequence . Confirm expected repeat structure
[8] TATC TATC TATC TATC TATC TATC TATC TATC - - - - AATCAATCATCTATC - Evaluate error types and frequency

[12] TATC TATC TATC TATC TATC TATC TATC TATC TATC TATC TATC TATC TATCAATCATCTATC

A —T SNP results in another TATC repeat

AECGTA

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf 8
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Forensic STR Sequence Diversity

Parsing STRait Razor Output with Java NIST - Battelle Collaboration

48 locus heightratio [ 5 :
A B[ e [ Dia8 o e Alleles Obtained with CE

1 sample name CSFIPO CSFIPO D10S . 1

2 A10-H-GT37900_S73_L0O1_R1_001.fastq.STRaitRazor 11 12 50 01051248 0.954 18

3 A11-H-TT51422_581_L001_R1_001.fastq.STRaitRazor 10 12 51| 0125391 N/A 17
% 4 A12-n-zT80786_589_LODL_R1_00L.fastq.STRaitRazor . on :i 212:; g':‘;' e

i 5 A2-C-UT57318_59_L001_R1_001.fastq STRaitRazor un 1 ot oamer | 0ooe 1

« b A3-C-WT51362_517_L001_R1_001fastq.STRaitRazor 1 12 o IliSdB ooss 1

i 7 M-C-WA29594_525_L001_R1_001.fastq.STRaitRazor 1n  n ee| D116t |ooas 1 8

: A M °

A :

: A -$41_L001_R1_001.fastg STRaitRazor 58 D2251045 0.847 5

%10 A7-AA-PTB4223_549_L001_R1_00L fastq.STRaitRazor 2 1 =8| Dzs1338 0752 5

511 AB-AA-PTBA232 S57_LDO1_R1_001fastq.STRaitRazor 9 10 80| Dased1 | WA g

4 12 AS-H-GT37778_S65_L0D1_R1_001.fastq.STRaitRazor 0 1 B i | i 5

13 B1-2391c-E_S2_L0OL_R1_001.fastq.STRaitRazor w on 52| ossEs | mgA =

14 B10-H-GT37913_574_L0O01_R1_001.fasty.STRaitRazor un o1 B o7sen | 0.9z

15 B11-H-TT51435 582_L001_R1_001 fastq.STRaitRazor 9 12 B DEs1179 |09z

16 B12-H-ZTB0B15_590_L001_R1_001.fastq.STRaitRazar 0 1 65 roA 0989

17 B2-C-WT51342_S10_L001_R1_00L fastq.STRaitRazor w12 66 PentaD 0,935

18 B3-C-WTS51373_S18_L001_R1_001.fastq.STRaitRazor 10 12 67 Pentaf  N/A e
19 B4-C-WA20612_526_L001_R1_001.fastq.STRaitRazor 1 12 68 THOL  N/A g G382 3 58 3838 5388 % 280 £ 43 8
20 B5-AA-JT51499_534_LDO1_R1 D01 fastq STRaitRazor 11 12 69 TPOX  N/A £ 5 = 2 é § g8 8 § & § 2 @ g & 3 s 8

o wwa 0787 e |
N=188

SRM 2391
PCR-Based DNA Profiling Standard

Forensic STR Sequence Diversity
NIST — Battelle Collaboration

Additional Alleles Obtained with NGS
« Components A through D: DNA extracts in liquid form

» Components E and F: DNA spotted on 903 / FTA paper
«+ Certified values for STR alleles based on CE length polymorphisms

SRM 2391c

Number of Alleles

100 Helps meet QAS Std. 9.5.5 and ISO 17025

rrent price: $626 USD |Standard Reference Material|
288 55928 S 233222888988 34Ys 8 = . . Calibration with SRMs
TggegrEzgdigeggiEgesdggoea Genomic DNAs characterized f_or enables confidence in
8 ° g8 8 e 5388838 ° 3 - the expanded CODIS core loci comparisons of results
N=188 and Y-STRs between laboratories

Kit Provider ]
Thermo Fisher (12) [ @ Qiagen nc. (2) | Primer Mixes (2) |
Certified Values Reference Values Information Values e s s oo e
Autosomal STR| YSTR [XSTR| [Autosomal STR [YSTR[XSTR| [Autosomal STR|Y STR|XSTR Nom PoworPlon £8X 17
an (0) (23) (0) (0) (1) ©) (0) NGM SElect PowerPlex ESI 17
D1S1656 DYS19 | None DIGATAL13 | None | None PentaC | None | None COiler PowerPlex ES
D251338 DYS385a D1S1627 Profiler PowerPlex S5
D25441 DYS385b D1S1677 0, Profier Plus PowerPlex Y
D3S1358 DYS389I D251776 100% "";’gj; 2‘]“5 o EFEL
D55818 DYS389I1 D3S3053 Concordance ool
D75820 DYS390 D354529 ith all kit e
D8S1179 DYS391 DA4S2364 with all Kits Yiiler R
D8S1115 DYS392 D452408 U pd ated Typing
D10S1248 DYS393 D552500 Kit Provider
D12S391 DYS437 D6S1017 Thermo Fisher (14) P Corp. (16) QiagenInc. (9) | Primer Mixes (3)
D135317 DYS438 D6S474 dentifer PowerPlex 16 ESSplex 26plex
D165539 DYS439 D9S1122 identifler Plus PowerPlex 16 HS IDplex miniSTRs
D18S51 DYS448 D9S2157 NGM PowerPlex ESX 17 ESSplex SE RMY STRs
D195433 DYs456 D10S1435 NGM Slect PowerPlex ESI 17 ESSplex SE Plus
D21S11 DYS458 D17S1301 COofiler PowerPlex ES ESSplex SE GO!
Profler PowerPlex S5 IDplex Plus
pazsiods | pvseas bursens
CSFIPO  |YGATAH4 2051082 Profier Plus 1D FRFL Argus X-12
FGA SGM Plus PowerPlex ESI 17 Pro DIPplex
Penta D D205482 SEfiler PowerPlex ESX 17 Fast
Penta E FisA0L MiniFiler PowerPlex ESI 17 Fast
SE33 F138 Yiiler PowerPlex 18D
THOL FESFPS GlobalFiler PowerPlex 21
TPOX LPL Yiller Plus PowerPlex CS7
VWA PowerPlex Fusion
PowerPlex Y23

http://www.cstl.nist.gov/biotech/strbase/pub_pres/Vallone_CAFDA_Sept_2014.pdf 9
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e Acknowledgements
/Autosomal STR| Y STR |X STR| Autosomal STR | Y STR ‘ XSTR Autosomal STR|Y STR| XSTR
(25) (29) (0) (23) 0) (0) (1) (0) (12)

D1S1656 DYS19 | None DIGATA113 | None | None PentaC | None | DXS7132

D2S1338 | DYS385a D1S1627 DXS7423 NIST

D2S441 | DYS385D D1S1677 DXS8378 ine Getti i
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DXS10135 H i i
D10S1248 | DYS437 D6S1017 ST Harish Swaminathan Gloria Lam
ggggi’% g:g:gg D6S474 DXS10148 Jo Lynne Harenza Sharon Wootton
D9S1122

D169539 Dys4ds Dos2167 HPRTB Nate Olson Joseph Chang
D18S51 DYS456 D10S1435

D195433 DYS458 D17S1301 * . " N . Battelle

D21511 DYS635 D175974 Other Information Value Considerations: Seth Faith
D22S1045 |Y GATA H4 D185853 - DIPplex kit loci Rich G i

csrieo | DYEE p20s1082 | - PGM and MiSeq IISNPs ich Guerrieri

FGA DYS460 D205482 Liz Montano
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